Introduction
Globally, approximately 80 million units of blood are donated in each year (1) . At the end of 2015, about 2 million units of blood are collected by the Turkish Red Cresent in Turkey (2) . Currently, storage procedures of blood bags in the blood banks, to support a healthy and safe blood is required for conditions that guarantee the maximized storage time. Stored bloods can be retained at 2-6 °C for up to a month at present. There are two criteria determined for maximum storage period. These criterias; during the storage period rate of hemolysis in erythrocytes should not exceed 1% and after the transfusion at least 75% of RBCs should stay alive in the first 24 hours (3). In many clinical situation, blood transfusion is necessary, such as deep anemia, acute blood loss and some surgeries (4, 5) . Several studies indicated that while the stored blood maintained at optimum conditions, some adverse change occurs called as "storage lesion" time-dependently. These are increase of lipid peroxidation, decrease of antioxidant capacity and some morphological change in the blood components (6, 7) . Some antioxidants or metal binding chelators are adding to minimize these undesirable changes and increase the effectiveness of preservative solutions (6) . Tannic acid and caffeic acid are phenolic compounds which are commonly found in our daily diet (8) (9) (10) . The antioxidant activity of phenolic compounds is mainly attributed to their redox properties, which allow them to act as reducing agents, hydrogen donors and quenchers of singlet oxygen. In addition, they may also possess metal chelation properties (10) . Tannic acid is a naturally occurring polyphenol compound found largely in the fruits and vegetables, such as; pear, banana, cowpea, lentil and black tea and also found in chocolate, wine, beer and coffee (10) (11) (12) . Gülçin et al. (10) repoted that 15 µg/mL concentration of tannic acid inhibit peroxidation of linoleic acid emulsion 97.7%. In addition, it has scavenging activity of free radicals such as 1,1-diphenyl-2-picryl-hydrazyl free radical (DPPH), 2,20-azino-bis(ABTS), superoxide anion and chelation capacity of ferrous ions (Fe 2+ ), hydrogen peroxide scavenging. Caffeic acid and its derivatives are good substrates of polyphenol oxidases, and under certain condition may undergo oxidation. It has been reported that Caffeic acid (3,4-dihydroxycynnamic acid) act as the protective of α-Tocopherol in low density lipoproteins (13) . Gülçin (9) has reported that caffeic acid inhibited peroxidation of linoleic acid emulsion in samples 75.8% added 30 µg/mL caffeic acid. In addition, caffeic acid is an effective ABTS scavenging, DPPH scavenging, superoxide anion radical scavenging, total reducing power and metal chelating on ferrous ions activities (9) . Also, the most antioxidant effect of caffeic and tannic acid is at 30 and 15 µg/mL concentrations as in vitro, respectively (9, 10) . There is no literature on the antioxidant effects of caffeic and tannic acid in stored blood. In this study we investigated the effects of caffeic and tannic acid on lipid peroxidation, mitochondrial membrane damage and oxidative DNA damage in the stored blood.
Materials and Methods
The study protocol was carried out in accordance with Helsinki decleration as revised in 2000. The study was also approved by Ethics Committee of the Clinical Drug Applications, Faculty of Medicine, Yuzuncu Yil University (date: 13.08.2014 and number of decision: 05) and all patients gave informed consent. Blood Sampling: Blood was collected into quaternary pediatric pouch systems (Kansuk®, Turkey) containing citrate-phosphate-dextrose (CPD) from 10 healthy volunteers. Blood pouches contained 500 mL blood and each of 70 mL CPD (0,299 citric acid anhydrate, 2.63 g sodium citrate dihydrate, 0.222 g sodium dihydrogen phosphate monohydrate and 2.55 g dextrose monohydrate). Each 500 mL bag was transferred into three 150 mL pediatric bags. One of the bags was used as control, while the others were added with either tannic acid (15 µg/mL) or caffeic acid (30 µg/mL) and denoted as tannic acid and caffeic acid groups. The bloods were then stored at +4 °C. Before taking samples the bags were gently turned upside down to homogenize the stored blood. Six milliliters of blood was taken from each bag and four milliliters centrifuged (1100 rpm) and the plasma was obteined to measure plasma malondialdehyde (MDA), ubiquinone-10 (CoQ10) levels and two milliliters of whole blood was separated for DNA 8-hydroxy-2 deoxyguanosine (8-OHdG) measurement at the beginning (day 0) and on days 7, 14, 21, 28 by high pressure liquid chromatography (HPLC). Plasma MDA measurements by High Pressure Liquid Chromatography (HPLC): MDA measurement in plasma was performed according to the method of Khoschsor et al. (14) . Plasma MDA measurements by High Pressure Liquid Chromatography (HPLC): A total of 0.44 mol/L H 3 PO 4 and 42 mmol/L thiobarbituric acid (TBA) was added to 50 μL plasma and incubated for 60 minutes in boiling water. After rapid cooling with icy water, an equal volume of alkaline methanol was added to the samples. After centrifugation at 3000 rpm for 3 minutes, the supernatant was collected. RP-C18 (5μm, 4.6x150 mm, Eclipse VDB-C18 Agilent) columns were used. For elution, the mobile phase volume was prepared as a 40:60 ratio with methanol and 50 mmol/L phosphate buffer. The flow rate was adjusted to 0.8 mL/minute a total of 20 μL supernatant was loaded onto the device and measured at 527 nm excitation and 551 nm emission wavelength by HPLC using a fluorescent detector (FLD). MDA-TBA product peaks were calibrated with 1,1,3,3-Tetraethoxypropane standard solution. The obtained results are expressed as μM. Oxide CoQ10 Analysis: Oxidized CoQ10 analysis was performed according to the method by Littarru et al. (15) The reductive CoQ10 was forced to oxidize in plasma samples treated with para-benzoquinone following extraction with 1-propanol directly injected into the HPLC device. For HPLC analysis, a reverse-phase ODS supercoil C-18 (15x0.46 cm i.d. 3 µm) column was used. For analysis, 50 µL 1,4-benzoquinone (2 mg/mL) was added to 200 µL plasma and mixture was vortexed. After 10 minutes incubation at room temperature, 1 mL n-propanol was added, and the mixture was vortexed during 10 sec. It was centrifuged at 600 g for 2 minutes. A total of 200 µL was collected from the supernatant, put into a vial and loaded onto the HPLC device. For spectral analysis, the UV detector was adjusted to 275 nm, and the ethanol-methanol (65-35% v/v) mobile phase flow rate was adjusted to 1 mL/minute. The system was stabilized after balancing the column, and oxidized CoQ10 was measured by the electrochemical detector adjusted to 0.35 V. The obtained results are expressed as µM. Isolation and Hydrolysis of DNA: DNA was isolated from whole blood leukocytes by DNA isolation kit (Vivantis GF-1 blood DNA extraction kit, Vivantis Technologies SDN. BHD, Malaysia) with the spin column method. 200 µL blood sample was placed in the microcentrifuge tube and solutions were added according to the kit prospectus solution, respectively. As a result of isolation carried out in accordance to the kit prospectus, final volume was 100 µL. DNA aliquots were thawed for 8-OHdG analysis and hydrolysed as previously described by Kaur and Halliwell (1996) (16) . Hydrolysed DNA samples were dissolved in HPLC elution buffer (final volume, 1 mL). 8-OHdG levels were measued by HPLC using EC detector. A total of 20 µL final hydrolysate was measured by HPLC using ECD. Reverse-phase-C-18 (RP-C18) analytical columns (250 mm × 4.6 mm × 4.0 μm, Phenomenex, CA) were used. The mobile phase was 0.05 M potassium phosphate buffer (pH 5.5) and acetonitrile mixture (97:3, v/v), and the flow rate was adjusted to 1 mL/min. 
Results
The MDA levels of control group and tannic acid groups were significantly higher on 21 st and 28 th day than baseline (p<0.001). However, there was no significant difference in the caffeic acid group (Table 1) . Oxidized CoQ10 which is an indicator of mitochondria membrane damage levels, were not changed in tannic and caffeic acid groups, whereas increased in the control group (p<0.001), on the 21 st and 28 th days ( Table 2) . The oxidized CoQ10 level of tannic and caffeic acid groups was significantly decreased in stored blood on the 21 st and 28 th days compared to the baseline in the control group (p<0.001). In addition, oxidized CoQ10 level of caffeic acid group was significantly lower compared to the control and tannic acid groups on the 14 th and 28 th days (p<0.001). The levels of 8-OhdG, is an indicator of oxidative DNA damage, assessed according to the time, levels of 8-OHdG was increased in the control and tannic acid groups on the 21 st and 28 th days (p<0.001). On the other hand, no significant change was determined in caffeic acid group (p>0.05, Table 3 ). Furthermore, 8-OHdG levels of tannic and caffeic acid groups were significantly lower than control group on the 28 th day in the intergroup comparisons (p<0.002). The comparison of MDA, CoQ10 and 8-OhdG levels changed between baseline and 28 th days and between groups showed in Figure 1 . MDA, CoQ10 and 8-OHdG levels of caffeic acid group were lower than control group on 28 th day, percentage of 64.5%, 99.5%, 78% respectively and also decreased in tannic acid group percentage of 58%, 99%, 31% respectively. In the tannic acid group, CoQ10 and 8-OHdG levels were less than control group, percentage of 52% and 68.5%, respectively (p<0.05) whereas MDA levels did not change significantly.
Discussion
The development of blood storage system is of great importance owing to the increasing demand of stored blood due to natural calamities and emergencies. Availability of storage raises the question of how long blood products can and should be stored, and how long they are safe and effective (18) . During the storage period, it is known that the increase of oxidative stress caused by the formation of reactive oxygen species such as; hydroxyl radical, H 2 O 2 and superoxide anion radical (19) . Free radicals can lead to irreversible damage to the protein and lipids that are found in structure of cell membranes. Thus, membrane integrity is impaired and cell becomes suitable to penetration (20) . Plasma is an important component of whole blood and it reflects the changes occurring in whole blood. In plasma most of the cholesterol is esterified. Esterified cholesterol can be converted to unstable lipid hydroperoxides. Lipid peroxidation continues up to the formation of MDA which can modify the proteins and together with membrane lipids, cause membrane damage. Protecting activity of antioxidant defense system may preserve MDA at low level (20) (21) (22) . Studies in stored whole blood components play an important role to understand the alteration of oxidative stress during storage (23). Şekeroğlu et. al. (6) reported that MDA levels of erythrocytes increased time-dependently in their study. In the current study we also found that erythrocyte MDA levels increased with storage time in the stored blood. In spite that, adding caffeic acid into the stored blood preserved MDA in low levels compared to the other groups. Ubiquinol-10 (CoQ10H) a lipid-soluble component of virtually all cell membranes, is an essential electron carrier in the mitochondrial respiratory chain and an important antioxidant in the mitochondrial inner membrane (24) . There are two major forms of CoQ10; reduced ubiquinol (CoQ10H) and oxidized (CoQ10). The high rate of CoQ10/CoQ10H or high level of oxidized CoQ10 is an important indicator in determining mitochondrial membrane damage (25, 26) . Until now, there are no studies that show the mitochondrial membrane damage in stored blood. In this study the levels of oxidized CoQ10 were increased in the control group time dependently. However, CoQ10 levels of tannic and caffeic acid groups were preserved. These positive results may be caused by the free radicals scavenging activities of tannic and caffeic acid in stored blood. Reactive oxygen species (ROS) are formed continuously as a consequence of biochemical reactions. ROS can attack any cellular structure or molecule so DNA is considered as an important target. Thus, ROS may cause DNA-protein crosslinks and sugar moiety damage as well as specific chemical modifications of the purine and pyrimidine bases. One of the most abundant oxidative damages to DNA bases is the 8-hydroxylation of guanine (27) . 8OHdG is one of the available biomarkers for oxidative DNA damage (28) . We could not find any literature that shows oxidative DNA damage in the stored blood. The current study explored the protective effect of caffeic acid against oxidative DNA damage in stored blood and found that in storage with caffeic acid 8OHdG levels were significantly preserved. However, the increase in 8-OHdG level was less in the tannic acid group compared to the control group, indicating that tannic acid has partially protective effect against in vitro oxidative DNA damage. Tannic and caffeic acid have effective superoxide anion radical scavenging, total reducing power and metal chelating on ferrous ions activities, these might explain those results. As a result this study showed that, oxidative stress and lipid peroxidation increased time-dependently in stored blood. Adding tannic acid and caffeic acid into the stored blood protected stored bood against oxidative DNA damage and increased lipid peroxidation especially last period of storage time. In addition, these results also showed that, adding tannic acid and caffeic acid into the stored blood may be retarding the formation of toxic oxidation products, and prolonging the lifespan of stored blood components.
